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A Practical Approach to Exercise Echocardiography: Immediate
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GARY D. PLOTNICK, MD, FACC, MICHAEL L. FISHER, MD, FACC
Los Angeles. California and Baltimore. Maryland
Echocardiographic measurements of left ventricular end-
systolic dimension and fractional shortening obtained in
the supine position before and immediately after maxi-
mal upright exercise were evaluated in 11 normal vol-
unteers, 35 patients with coronary artery disease and 17
patients without coronary artery disease. The time course
of recovery from acute exercise-induced changes in echo-
cardiographic dimensions was analyzed using serial
postexercise recordings from normal subjects. An exer-
cise-induced decrease in end-systolicdimension (:?: 3 mm)
Exercise echocardiography is a research tool being evaluated
in patients with suspected or proven coronary artery disease
(1-17). It is a safe, noninvasive repeatable method that
appears to be sensitive in detecting wall motion abnormal-
ities during exercise-induced ischemia (1-5). Advantages
of this technique include the potential ability to continuously
image the heart during and after exercise, to visualize wall
thickening and thinning (I) and to directly image left ven-
tricular wall motion (2). Exercise echocardiography can also
be performed with equipment already available in most car-
diology facilities and thus be less costly than nuclear studies
(6). However, a serious disadvantage of exercise echocardi-
ography is the difficulty of obtaining echocardiograms of
sufficient quality for interpretation and quantification, par-
ticularly during the exercise period (1-3,6). Shifting body
position, tachycardia and increased respiratory motion make
successful exercise recordings technically difficult to per-
form, and studies have been inadequate in a fairly large
proportion of patients. Modifications designed to improve
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and increase in fractional shortening (:?: 5%) persisted
for 3 minutes or longer in the immediate postexercise
period in each of the normal volunteers. With these cri-
teria to separate normal from abnormal responses, ab-
normal responses were observed in 16 (94%) of 17pa-
tients with coronary artery disease and in only 2 (6%)
of 35 patients without coronary artery disease. Imme-
diate postexercise echocardiography appears to be a
practical and potentially valuable adjunct in the detec-
tion of coronary artery disease.
the success rate in obtaining adequate echocardiograms have
included the substitution of supine (1,3,7,8) for upright
exercise (9, 10) and use of limited exercise (10,11) or special
braces or restraints to allow continuous contact of the trans-
ducer with the thorax during exercise (12-14). Those mod-
ifications that limit demands on the myocardium are likely
to reduce the sensitivity of the test in detecting coronary
artery disease. New and complex apparatus reduces the like-
lihood that this test will be used routinely in clinical
laboratories.
Technically adequate echocardiograms are much more
easily recorded in the immediate postexercise period than
during exercise (7,15,16). Because of its practical applic-
ability, we became interested in the potential use of echo-
cardiography performed during this period (17). Using stan-
dard upright treadmill exercise, we evaluated a relatively
simple technique that we have termed immediate postex-
ercise echocardiography. Initially, we were concerned that
the rapid physiologic changes characteristic of the imme-
diate postexercise period could result in measurements that
were impractical and not reproducible. Furthermore, isch-
emic-related changes in left ventricular function might re-
solve so rapidly that these changes would not be detectable.
The expected responses of the normal left ventricle to dy-
namic exercise are a decrease in end-systolic dimension and
an increase in fractional shortening (I). From both nuclear
and echocardiographic studies (1,10,18,19), it is well known
that the ischemic left ventricle may not respond in a similar
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manner. To estimate the range of normal and to examine
the time course of recovery of these physiologic responses,
studies were performed in a group of normal volunteers in
whom one might expect a particularly rapid return to base-
line values. We then prospectively evaluated the sensitivity
and specificity of immediatepostexercise echocardiography
in the detection of coronary artery disease in a group of
consecutive patients undergoing cardiac catheterization in
whom adequate studies could be obtained.
Methods
Time Course of Recovery in Normal Subjects
Study group. Eleven healthy volunteers with a mean
age of 29 years (range 19 to 41) were selected. The seven
men and four womenwereasymptomatic, normotensive and
taking no medication. These subjects had no historical,
physical, electrocardiographic or echocardiographic find-
ings suggestive of cardiovascular disease and had negative
maximal electrocardiographic stress tests. High quality
echocardiograms, in which margins of both the septum and
posterior left ventricular wall were seen continuously
throughout the cardiac cycle, were obtained at rest and in
the immediate postexercise period.
Protocol for immediate postexercise echocardlog-
raphy. A modified 12 lead electrocardiogram (with lead
V2 or V3, or both, in the third left intercostal space to allow
room for the echocardiographic transducer), as well as two-
dimensional and M-mode echocardiograms were recorded
with the subjects supine at rest. Echocardiograms were re-
corded using a commercially available sector scanner (Ad-
vanced Technology Laboratories 315A). With the patient
supine, the parasternal and subxiphoid areas wereexamined
with the hand-held two-dimensional transducer adjusted to
select the best "window." The M-mode cursor was then
directed to record the left ventricularminor axis just inferior
to the mitral valve leaflets. The exact positionof the optimal
window was markedon the chestand the phaseof respiration
noted. M-mode echocardiograms were recorded at a paper
speed of 25 mm/s. Graded treadmill exercise testing was
performedusing a modified Bruce multistage protocol. The
electrocardiogram was monitoredcontinuously. The II nor-
mal subjectswereexercisedto exhaustionand each achieved
a heart rate of more than 180 beats/min. The average du-
ration of exercise until exhaustion was 12.3 minutes (range
10 to 14). Immediately after exercise, the subjects were
placed supine. Using the predetermined window and the
two-dimensional transducer for spatial orientation, M-mode
recordings of the left ventricular minor axis were obtained
in the predetermined axis and phase of respiration. Serial
recordings were obtained at I, 2, 3, 4 and 5 minutes after
cessation of exercise.
Echocardiographic measurements. Left ventricular
minor-axis diameterswere measuredas thedistancebetween
the leading edge of the left side of the interventricular sep-
tum and the endocardial echo of the left ventricularposterior
wall. Left ventricular end-diastolic dimension (EDD) was
measured at the time of the R wave on the electrocardio-
gram. Left ventricular end-systolic dimension (ESD) was
measured at the time of least separation of the two echoes.
Distances were measured using the centimeter scale super-
imposed on all records. Fractional shortening (FS) of the
left ventricular dimension was calculated by the formula:
EDD - ESD
FS (%) = x 100,
EDD
and expressedas percent. Echocardiographic measurements
obtained I to 5 minutes after exercise were compared with
those obtained before exercise. Delta (~) value was defined
as the value before exercise minus the value after exercise.
Statistical comparisons were madewithStudent's t test (20).
Studies in Patients Evaluated for Suspected
Coronary Artery Disease
Patient group. In performing immediate postexercise
echocardiographic studies on 175 patients referred for eval-
uation of coronary artery disease, we obtained echocardio-
grams suitable for analysis of left ventricular dimensions
before and after exercise in more than 90% of patients. For
purposes of this study, patients with congenital or valvular
heart disease, those with known heart failure and those who
did not undergo coronary arteriography were excluded. Fifty-
two consecutive patients who underwent coronary arteri-
ography and had technically satisfactory immediate postex-
ercise echocardiographic studies are the subject of this re-
port. Thirty-two patients were men, 20 were women; their
mean age was 55 years (range 32 to 72). Among the 52
patients who underwent cardiac catheterization, 35 had an-
giographically documented coronary artery disease (2:: 50%
stenosis of one or more coronary arteries) (Group A) and
17 had angiographically normal or near normal coronary
arteries (Group B). Of the 35 patients with coronary artery
disease (Group A), 19had triple vessel, 6 had double vessel
and 10 had single vessel disease. Groups A and 8 were
comparable in age, but there were more women in Group
B (71%) than in Group A (23%) (probability [pI < 0.005).
Protocol for immediate postexercise echocardiog-
raphy. The protocol was similar to that used for normal
volunteers, except that the end point of exercise was ex-
haustion or chest pain. All patients were exercised to near
maximal or maximal levels. Both electrocardiographic and
echocardiographic stress test readings were interpreted in-
dependently and without knowledge of the catheterization
result. Each electrocardiographic stress test was character-
ized as positive, equivocal or negative. A positive electro-
cardiographic response consistedof ST segment depression
of 1.5 mm or more 0.08 second from the J point or ST
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segment elevation of I mm when compared with control
values. Patients with ST segment depression between 0.5
mmand 1.4mmwere labeled as havinganequivocal response.
Echocardiography was successfully performed in the su-
pine position within 3 minutes of cessation of exercise in
all 52 patients. An abnormal result was defined as either I)
end-diastolic dimension that increased, remained the same
or decreased by less than 3 mm, or 2) fractional shortening
that decreased, remained the same or increased by less than
5% compared with baseline measurement.
Coronary arteriography was performed usingtheJudkins
technique within 10days of the electrocardiographic stress
and immediatepostexerciseechocardiographic tests. For the
purpose of this report, coronary artery disease was defined
as arteriographic narrowing of 50% or more of the intra-
luminal diameter of one or more of the major coronary
arteries. Results of the electrocardiographic stress and im-
mediate postexercise echocardiographic tests were com-
pared with the results of coronary arteriography.
Statistical comparisons were made with paired and non-
paired t test and a chi-square statistic with Yates' correction
for continuity (20) .
Results
Time Course of Recovery
Results in normal volunteers. Baselineend-systolic di-
mension and fractional shortening and the changes in end-
systolic dimension and fractional shortening compared with
baseline measurements for each of the II normal subjects
are shown in Table I. The immediate postexercise echo-
cardiogram of one patient is shown in Figure I. The time
course of recovery for end-systolic dimension is shown
graphically in Figure 2. Note that during the first I to 2
minutes, there is a marked decrease in the end-systolic di-
mension (all values decreased 2: 4 mm) and an increase in
fractional shortening (all values increased 2: 6%) compared
with baseline measurements. By the third minute, there is
a return toward normal but except for one patient the end-
systolic dimension is still decreased by 3 mm or more and
the fractional shortening is increased 5% or more in all but
one of the patients. By the fourth and fi fth minutes, post-
exercise values in several patients have returned to baseline.
These data suggest that physiologic responses related to
exercise can be recorded in the immediate postexercise pe-
riod within 3 minutes. This is practical and feasible in many
cardiology laboratories.
Electrocardiographic Stress Testing Compared With
Immediate Postexercise Echocardiography
The observations in Groups A and B are summarized in
Table 2. Electrocardiographicexercise test results, including
duration of exercise on the treadmill or maximally achieved
heart rate, did not separate patients with coronary artery
disease from those without coronary artery disease. This
reflects a bias in our patient group referred for cardiac cath-
eterization. Although the electrocardiographic stress test re-
sults did not clearly identify patients with coronary artery
disease in our patients who underwent catheterization, the
echocardiographic measurements did. The postexercise
echocardiogram was abnormal in 33 of 35 patients with
coronary artery disease and was normal in 16of 17 patients
with coronary artery disease (p < 0.0005). Baseline left
ventricular end-diastolic dimensions, end-systolic dimen-
sions and fractional shortening were similar in the two groups.
In the immediate postexercise period, echocardiograms of
patients without coronary artery disease demonstrated no
Table 1. Clinical Characteristics and Echocardiographic Measurements Before and After Exercise in II Normal Volunteers
Resting Maximal ~ESD (mm) ~FS (%)
Case Age (yr) Heart Rate Heart Rate Resting Resting
Number &Sex (beats/min) (beals/min) ESD(mm) 2 3 4 5 FS (% ) 2 3 4 5
I 38M 65 180 31 - 5 -6 - 5 -3 -I 38 16 17 16 8 7
2 21M 60 180 32 -4 -4 - 4 - 2 - 2 36 8 8 6 4 4
3 25M 70 188 28 -8 -4 - 4 - 4 - 0 44 12 6 5 5 -6
4 27F 72 188 26 - I I -8 -8 - 8 -8 43 10 8 12 12 12
5 25F 70 185 32 -7 -5 - 2 - 0 - 2 38 13 8 2 -I 2
6 29M 65 188 29 -5 -4 - 4 - 3 - 3 40 9 6 6 6 5
7 41M 68 180 32 - 14 - 12 - 14 - I I - 10 39 19 17 22 19 17
8 28M 75 185 30 -7 - 6 - 4 - 5 -3 35 17 15 9 14 10
9 28F 70 180 30 -10 - 8 - S - 3 - 4 39 19 15 15 4 - I
10 19M 66 180 30 - 6 -4 - 4 -4 - 0 40 I I 6 7 7 4
II 33F 72 180 29 -7 - 6 - 5 - 6 - 5 36 12 12 II 12 9
Mean 28.6 68.45 183.1 30.3 -7.5* -6.1' - 5.6* -4.5* -3 .5 8.9 + 13.3 + 10.7 + 10.1 +S. 2 +5.5
±SEM ±2.0 ±1.3 ± 1.1 ± 0.5 ±O.9 ±O.S ± 1.0 ±0.9 ±0.9 ± 0.9 ± 1.2 ± 1.4 ± 1.8 ±1.7 ± 1.9
ESD = end-systolic dimension; F = fema le; FS = fractional shortening; M = male; SEM = standard errorof the mean .
*p <0.001compared with resting value.
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POST EXERCISE
(MINUTES)
Figure 1. M-mode echocardiogramof Patient 3 at pre-
exercise baseline and at I to 5 minutes postexercise.
Baseline end-diastolic dimension = 50 mm; baseline
end-systolic dimension == 28 mm; basel ine fractional
shortening = 44%. 6 ESO = change in end-systolic
dimension in the immediate postexercise period com-
pared with pre-exercise value. 6 FS = change in frac-
tional shortening in the immediate postexercise period
compared with pre-exercise value.
6FS + 12% +6% +5% +5% -6%
Figure 2. Changes inleft ventricularend-diastolic dimension (fOD)
(top), end-systolic dimension(ES O) (middle) andfractional short-
ening (FS) (bottom)at Ito 5 minutes inthe immediatepostexercise
period compared with pre-exercise values in normal volunteers.
Symbols represent the mean ± standard error of the mean. * p
< 0.001; **P< 0.005: t p < 0.02compared with baselinevalues .
POSTEXERCISE - (MINUTES)
significant changes in end-diastolic dimension. but a sig-
nificant decrease in end-systolic dimension and a significant
increase in fractional shortening. These changes were com-
parable with those seen in the healthy volunteer group. By
comparison, the echocardiograms of patients with coronary
artery disease demonstrated a significant increase in end-
diastolic andend-systolicdimensions and no significant change
in fractional shortening.
Results in patients with coronary artery disease (Group
A). Changes in end-systolic dimension from the pre-exer-
cise to the immediate postexercise period for patients with
single. double and triple vessel disease arc shown in Figure
3 and are compared with those of patients without coronary
artery disease. Of 19 patients with triple vessel disease,
electrocardiographic stress tests were positive in 5, equiv-
ocal in 12 and negative in 2, whereas all 19 had abnormal
fi ndings on immediate postexercise echocardiography. Of
six patients with double vessel disease, electrocardiographic
stress tests were positive in one, equivocal in two and neg-
ative in three. but all six had an abnormal immediate post-
exercise study. Of 10 patients with single vessel disease.
electrocardiographic stress tests were equivocal in 4 and
negative in 6. whereas 8 had an abnormal immediate post-
exercise study. Six of the eight patients with single vessel
disease and an abnormal result on the postexercise echo-
cardiogram had 90% or greater narrowing of a major prox-
imal coronary artery. The two false negative results on post-
exercise echocardiography occurred in a 37 year old man
with a near total stenosis of one of two posterior descending
coronary arteries who achieved a maximal heart rate of 130
beats/min while receiving propranolol and in a 35 year old
man with a 70 to 90% narrowing isolated to the circumflex
marginal coronary artery.
The sensitivity of postexercise echocardiography in de-
tecting coronary artery disease in our patients was 94% (33
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Table 2. Clinical Characteristics, Electrocardiographic Exercise Test Results and Immediate Postexercise Echocardiographic Results
of Patients With Coronary Artery Disease (Group A) Compared With Those of 14Patients Without Coronary Artery
Disease (Group B)
Group A (CAD) Group B (No CAD)
Clinical characteristics
Age (yrs) 54 ± 2 58 ± 2
Female 8(23%) 12(71%)
Taking propanolol 17(49%) 4(24%)
ECG exercise test
Results
Positive 6( 17%) 3(18%)
Equivocal 18(51%) 10(59%)
Negative 11(31%) 4(24%)
Duration (min) 6.6 ± 0 .5 6.1 ± 0.7
Maximal HR (beats/min) 141 ± 5 144 ± 5
IPEE
Results
Abnormal 33(94%) 1(6%)
Normal 2(6%) 16(94%)
Echocardiographic measurements (MMl
EDD
Baseline 49.6 ± 1.0 48.1 ± 1.8
AEDD + 3. 1 ± 0.8 -0.5 ± 0.6
ESD
Baseline 34.7 ± 1.2 34. 1 ± 1.4
AESD + 3.6 ± 1.0 -5 .8 ± 0.4
FS
Baseline 30. 1 ± 1.6 28.6 ± 2. 1
AFS - 1.7 ± 1.3 + 11.2 ± 0 .9
p Value
NS
< 0.005
NS
NS
NS
NS
< 0.0005
NS
NS
NS
< 0.005
NS
< 0.005
Values shown are mean ::!: standard error of the mean. CAD = coronary artery disease; EDD = end-diastolic dimension; ESD = end-systolic
dimension; FS = fractional shortening (expressed as percent); HR = heart rate; IPEE = immediate postexercise echocardiogram: NS = not significant;
p = probability; A values = immediate postexercise value compared with baseline value.
of 35): the test was abnormal in 5 patients with negative
electrocardiographic test results and in 17 patients with
equivocal electrocardiographic test results. The only false
negative echocardiographic results occurred in patients with
single vessel disease.
Results in patients without coronary artery disease
(Group B). Of the 17 patients with normal or near normal
coronary arteries, electrocardiographic stress tests were pos-
itive in 3, equivocal in 10 and negative in 4. Sixteen of the
17 patients without coronary disease had a normal postex-
ercise echocardiographic result. The one false positive result
was in a 58 year old woman who had an increase in fractional
shortening from 34% at rest to 38% after exercise, but who
failed to demonstrate any substantial decrease in end-sys-
tolic dimension (from 31 to 30 mm). The specificity of a
normal postexercise echocardiogram in our group of patients
was 94% (16 of 17).
Discussion
Although exercise echocardiography has been thought to
demonstrate substantial potential for the detection of coro-
nary artery disease (1-17), the published data suggest that
there are important methodologic difficulties limiting its
usefulness such that "exercise echocardiography will not
become a routine clinical technique" (2). We have found
that a simple modification of exercise echocardiography,
namely, immediate postexercise echocardiography, is safe,
feasible and reliable and it can be employed in most car-
diology laboratories with currently available equipment. We
have found that the physiologic effects of exercise in normal
subjects (namely, a decrease in end-systolic diameter and
an increase in fractional shortening of the left ventricular
dimension) persist for several minutes to recovery. allowing
ample time for the recording of supine echocardiograms and
obviating the need for specialized monitoring equipment
during the exercise period itself.
The time course of recovery of ischemic myocardium
was not evaluated in our study. It is theoretically possible
that in a few patients who had an ischemic response during
exercise values could have returned to baseline before the
immediate postexercise recordings were obtained. Foster et
al. (21.22) recently reported that using first pass radio-
nuclide angiography, left ventricular ejection fraction and
ejection rate increased from the peak exercise measurement
to the immediate postexercise measurement. Not having
lACC Vol. 3, No.2
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Figure 3. Change in end-systolic dimension in the immediate
postexercise period compared with pre-exercise value in patients
with coronary artery disease (Group A) and in patients without
coronary artery disease (Group B). IVD = single vessel disease;
2VD = doublevesseldisease; 3VD = triplevessel disease. Values
are mean ± standard error of the mean. + = positive, 1':, =
equivocaland. = negative electrocardiographic stresstest results.
* p ::; 0.005 compared with Group B values.
made echocardiographic measurements during exercise, we
are unable to comment specifically on whether information
was lost or gained by obtaining echocardiograms only in
the immediate postexercise period.
Sensitivity and specificity for coronary artery dis-
ease. The sensitivity and specificity of two-dimensional
M-mode echocardiography performed in the immediate
postexercise period appeared excellent for the detection or
exclusion, or both, of significant coronary artery disease in
our patients who underwent cardiac catheterization, and ap-
peared to demonstrate considerable improvement over the
standard electrocardiographic exercise test. Results of post-
exercise echocardiography were abnormal in 27 of 29 pa-
tients with significant coronary disease and normal or bor-
derline electrocardiographic stress tests. The sensitivity and
specificity of the test were both 94%. Mason et al. ( I) found
a decrease in fractional shortening during supine bicycle
exercise to be sensitive in detecting coronary artery disease.
The fractional shortening decreased from 35 ± 2% (mean
± standard error of the mean) at rest to 28 ± 2% in their
patients with coronary artery disease (decreasing in 12 of
the 13 patients), whereas fractional shortening increased
from 38 ± 2 to 44 ± 2% in their patients without coronary
artery disease (increasing in 10 of II normal subjects).
Using M-mode echocardiography, they were only able to
obtain high quality studies during exercise in 24 of 54 in-
dividuals who had high quality echocardiograms at rest. Our
experience suggests that high quality echocardiograms can
be obtained in the immediate postexercise period in the vast
majority of patients, especially by using the technique of
positioning the M-mode cursor directed by the two-dimen-
sional scan. Mason et al. (I) found that a decrease in frac-
tional shortening to less than 37% at peak exercise was a
useful indicator of the presence of myocardial ischemia.
However, at least 10 of our 35 patients with coronary artery
disease did not show such a response.
The previously reported success rate for obtaining ade-
quate two-dimensional echocardiograms for qualitative
analysis was 71% (3), 78% (7) and 93% (5) during supine
exercise, 72% (10) during upright exercise and 80% (15)
for echocardiograms in the supine position immediately after
treadmill exercise. The latter rate is somewhat less than that
found in our laboratory, but should represent a success rate
achievable in most laboratories.
Although not specifically addressed by our study, the
detection of left ventricular wall motion abnormalities out-
side the area examined by the M-mode cursor is possible
with the two-dimensional technique (2). Although this would
potentially improve the sensitivity of the immediate post-
exercise echocardiogram in detecting coronary artery dis-
ease, it is of interest that in our study the two false negative
results specifically were not altered by visualization of the
remainder of the myocardium.
The low specificity of exercise electrocardiographic test-
ing in our study group can be attributed both to the relatively
large proportion of women and to a bias in the decision to
perform catheterization. It is well known that electrocar-
diographic responses during stress testing are much more
likely to yield false positive results in women (23,24). It is
likely that many patients with a true negative result did not
undergo catheterization and thus were excluded from this
study.
Implications. Immediate postexercise echocardiography
is a very promising technique but larger numbers of subjects
need to be studied to establish its sensitivity and specificity
in detecting coronary artery disease. It appears to be a highly
feasible and valuable adjunct to standard electrocardio-
graphic stress testing, but our observations and success rate
need to be validated in other laboratories before it can be-
come an established clinical test.
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